Modern Concepts of Cardiovascular Disease 


Published monthly by the AMERICAN HEART ASSOCIATION 
1790 Broapway AT 58TH STREET, New York, N. Y. 
Dr. Tuomas J. Dry, Rochester, Editor 


Dr. Howarp B. BurcueELL, Rochester, Associate Editor 


VOL. XVI 


JULY, 1947 


HEART MEASUREMENTS BY X-RAYS 


A large heart is a diseased or abnormal heart. 
Most diseased hearts are enlarged. The heart affected 
by coronary disease is perhaps the most common 
exception, and constrictive pericarditis usually does 
not produce much cardiac enlargement. A small 
heart may be an abnormal heart or a manifestation 
of systemic disease. The significance of abnormally 
small hearts is not generally recognized. Abnormally 
small hearts are seen most frequently in pulmonary 
emphysema, often secondary to bronchial asthma, 
and in Addison’s or Simmond’s disease (hypophyseal 
cachexia). 


In examination of the patient, use of x-rays stands 
unchallenged as the most reliable method for deter- 
mining the size of the heart. The roentgenologic 
methods are many, although the criteria for deter- 
mining cardiac enlargement are not well established. 


Measurement of the size of the heart by x-rays is 
in essence the determination of the size of a three- 
dimensional object from the projection of its sil- 
houette in one or more planes; this is a simple 
geometric problem. Determining cardiac enlarge- 
ment, on the other hand, is quite a different prob- 
lem. This is a clinical or medical interpretation by 
which the size of the heart, as measured, is judged 
to be normal or abnormal. 


Anatomic and roentgenographic measurements of 
the heart have been correlated by many workers, 
and a definite mutual relationship has been proved. 
Methods of measurement vary considerably in ac- 
curacy and practicability. Factors influencing mea- 
surement of the heart are: (1) geometric projection: 
tube-film distance, distance from heart to film 
(anteroposterior and posteroanterior projections), 
position of patient (rotation of silhouette); (2) 
actual errors of measurement; poor visualization of 
cardiac border on the film, due to motion, pericardial 
fat, obscuration by diaphragm, and so forth; (3) 
methods of geometric deduction: errors may be in- 
troduced in the method of geometric deduction, that 
is, basing the calculations on length or area when 
volume is actually sought. The interpretation of the 
measurement must, in addition, take into account 
the physiologic state of the heart. The difference in 
the phase of contraction between disastole and sys- 
tole can amount to 20 per cent of the diastolic volume. 
The usual difference, however, is 15 per cent or less 
in normal adults, During deep inspiration a tem- 
porary moderate increase in size may occur; this is 
most marked in the patients with emphysema. How- 
ever, a decrease often occurs when the patient holds 
his breath, due to the increased intrathoracic pres- 
sure, as in the Valsalva experiment. These differ- 
ences may supplement one another at different times 
and add up to a total of 2 cm. in the transverse 
diameter of the heart. Examinations are preferably 
made at the end of diastole and with a normal 
breath. These factors must be considered in any 
method of cardiac measurement and interpretation. 


Each of the methods of cardiac measurement falls 
into one of the following categories: (1) reconstruc- 
tion of models of the heart; (2) calculated volume 
indexes; (8) calculated areas from the teleoroent- 
genogram, or more directly by orthodiagraphy, or 
(4) direct indexes based on a single measurement, 
— the maximal transverse diameter of the 

eart. 


The most accurate of these is certainly the actual 
reconstruction of a three-dimensional model as 
worked out by Palmieri, Lysholm, Schatzki and 
others, based on fluoroscopy or multiplane ortho- 
diagraphy. Though accurate, this method is unsuit- 
able for clinical purposes, as it is too cumbersome. 
Three-dimensional calculations are based on three- 
dimensional diameters. Satisfactory methods have 
been worked out by Kahlstorf, Benedetti, and Bollini 
and others. The simplest of the three-dimensional 
calculations, and one which has been given a seven- 
year trial at Serafirmer Hospital in Stockholm, is 
the method reported by Jonsell. He measured the long 
and broad diameters of the heart in the postero-an- 
terior view and the maximal cardiac depth in the 
lateral view of the chest. Calculation is based on 
the premise that the shape of the heart simulates 
an ellipse and the formula for volume thus becomes: 
Volume = K X Length x Width X Depth. The 
constant K is 0.42 for a target-film distance of 5 feet. 


Cardiac area in the frontal projection has been 
used by many as an index of the size of the heart. 
In the orthodiagraphie method the cardiac silhou- 
ette is outlined by the central beam of the fluoroscope 
on paper. This is probably the most accurate method 
of calculating area as it eliminates distortion, per- 
mits control of the respiratory phase, and does not 
necessitate much interpolation of the upper and 
lower borders of the shadow of the heart, A trained 
examiner, a co-operative patient and considerable 
time are required for a satisfactory result. A more 
commonly used method is the measurement of the 
long and broad diameters of the heart on a postero- 
anterior roentgenogram of the chest taken at a 
7-foot tube-film distance, the so-called teleoroent- 
genogram. The long diameter is the longest straight 
line drawn from the junction of the right auricle and 
superior vena cava on the right oy ed downward 
to the cardiac apex. The broad diameter is the 
greatest diameter perpendicular to the long diam- 
eter. Based on the premise that the projected cardiac 
area conforms to an ellipse, the upper and lower 
borders of the heart are filled in by interpolation 
and the area is calculated as: area = % Long 
diameter < Broad diameter. The heart is considered 
abnormal if the calculated area exceeds by 10 per 
cent the predicted area based on tables of normals 
for any given height and weight. The calculations 
of both the volume and the area involve certain 
geometric assumptions of constancy of shape for the 
heart which, irrespective of the accuracy of the 
mathematical calculations, introduce inaccuracies 
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which increase with the size of the heart. The 
exactness of the actual calculation creates a false 
sense of accuracy which is not always justified by 
the original geometric premise. 


The simplest indexes of cardiac size make use of 
a single measurement of the maximal transverse 
diameter of the cardiac silhouette in the postero- 
anterior projection. The measurements are made on 
a teleoroentgenogram. The transverse diameter of 
the heart is measured as a straight line from the 
midline to the maximal right and then maximal left 
borders. The sum of these two values is the trans- 
verse diameter of the heart. The cardiothoracic ratio 
was an early and extensively used index of cardiac 
abnormality. This is the ratio of the transverse 
diameter of the heart to the internal diameter of the 
chest at the levels of the dome of the diaphragm. 
A ratio exceeding one half was thought to be ab- 
normal. This has proved to be a poor index of cardiac 
abnormality, as no normal relationship exists be- 
tween the diameter of the chest and that of the 
heart. A definite relationship has, however, been 
shown to exist both anatomically and roentgeno- 
graphically between the transverse diameter of the 
heart and the body surface, or height and weight, 
by Hodges, Ungerleider and others, Standards which 
have been prepared are based on the measurement of 
thousands of normal adults. Diameters which are 
10 per cent less or more than the predicted diameter 
are considered as probably abnormal. Deviations of 
15 per cent or more are definitely abnormal in 97 
per cent of cases. This method does not take into 
account the depth or position of the heart. It may 
fail to distinguish between the transversely placed 
heart and left ventricular hypertrophy. These dif- 
ferences should be recognized by the configuration or 
shape of the heart and interpreted accordingly or, 
if doubt persists, fluoroscopy should settle the 
matter. This method also fails to distinguish between 
the enlarged heart and the apparent transverse 
enlargement produced by the depression of the lower 
third of the sternum, funnel breast. This deformity 
of the chest should be recognized by the increased 
downward obliquity of the anterior part of the ribs. 


Each method presents limitations. Usefulness de- 
pends on the experience with the method and the 
recognition (1) that none of the methods gives the 
actual size of the heart, but rather an index depend- 
ent on the size of the heart which at best may be 
empirically correlated with actual enlargement and 
clinical abnormality, and (2) that in borderline gen- 
eralized enlargement and particularly in enlarge- 
ment of one or two chambers of the heart, fluoroscopy 
with the patient in the oblique and lateral positions 
—including a swallow of barium for visualizing dis- 
placement of the esophagus by the heart—is the best 
method for actually determining the presence of 
enlargement of a chamber. By careful fluoroscopy, 
dilatation (and sometimes systolic expansion) of the 
left auricle can be recognized; the apical fat pad, 
which often causes marked errors in measurements, 
can be identified; and the rounded contour of the 
left ventricle indicating hypertrophy can be ob- 
served. All measurements and calculations based on 
normal averages must be subject to judgment and 


experience, A report that “the heart is obviously 
enlarged by volume but not by transverse measure- 
ment” is not infrequent in our clinic. 


With these things in mind the measurement of 
the transverse diameter of the heart, used in con- 
junction with the height-weight prediction tables, 
yields an index which is probably the simplest, and 
subject to fewest errors, if a uniform technical pro- 
cedure is observed. The postero-anterior roentgeno- 
gram should be taken on a normal inspiration; the 
patient should be well centered; the tube-film dis- 
tance should be 7 feet; and the exposure should be 
sufficient to penetrate the left border of the heart to 
a soft gray so that the pericardial pad of fat, if 
present, may be distinguished. The prediction table 
of Ungerleider yields good correlation with clinical 
heart disease except that it allows too high values 
for the obese patients. Prediction tables are not suit- 
able for use in pregnancy, deformities of the chest, 
peripheral edema or ascites. No satisfactory tables 
are available for infants or children. 


_It should be emphasized that abnormality in the 
size of the heart may be recognized by means of the 
x-rays in the majority of cases without any actual 
knowledge of the volume, area, or the various diam- 
eters of the heart. 


_ What then is to be gained by cardiac mensura- 

tion? A simple method like measurement of the 
transverse diameter of the heart in conjunction with 
the height-weight prediction tables aids the inex- 
perienced radiologist in a preliminary sorting of the 
hearts which are borderline and may require further 
study. It introduces a uniformity in roentgenologic 
description of cardiac size which is of particular 
value to the clinician in large institutions where 
different radiologists may report the size of the 
heart on serial examinations on the same patient, 
for it prevents descriptive terms of greater vari- 
ance, It gives the cardiologist quantitative differ- 
ences in size of the heart during therapy of the same 
patient. It has been of great value in our clinic in 
affording a quick and reliable index of responses and 
relapses in Addison’s disease. 


Martin H. Wittenborg, M.D. 
Merrill C. Sosman, M.D. 
Boston, Massachusetts 
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